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METHODS AND DEVICES TO TREAT
DISEASED OR INJURED
MUSCULOSKELETAL TISSUE

CROSS-REFERENCE

The present application is continuation of U.S. patent
application Ser. No. 12/776,177, which is a non-provisional
of, and claims the benefit of U.S. Provisional Patent Appli-
cation No. 61/177,602, filed May 12, 2009, the entire
contents of which are incorporate herein by reference.

The present application is related to U.S. patent applica-
tion Ser. No. 12/605,065, filed Oct. 23, 2009, the entire
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to medical devices, systems
and methods, and more specifically to methods, systems and
devices used for knotless suturing of tissue.

Soft tissue such as tendons, ligaments and cartilage are
generally attached to bone by small collagenous fibers which
are strong, but which nevertheless still can tear due to wear
or disease. Examples of musculoskeletal disease include a
torn rotator cuff as well as a torn labrum in the acetabular rim
of a hip joint or the glenoid rim in a shoulder joint.

Thus, treatment of musculoskeletal disease may involve
reattachment of torn ligaments or tendons to bone. This may
require the placement of devices such as suture anchors
within bone. A suture anchor is a device which allows a
suture to be attached to tissue such as bone. Suture anchors
may include screws or other tubular fasteners which are
inserted into the bone and become anchored in place. After
insertion of the anchor, the tissue to be repaired is captured
by a suture, the suture is attached to the anchor (if not
already preattached), tension is adjusted, and then the suture
is knotted so that the tissue is secured in a desired position.
Frequently two or more anchors and multiple lengths of
suture are required. This process can be time consuming and
difficult to undertake in the tight space encountered during
endoscopic surgery and sometimes even in conventional
open surgery. Recently, knotless suture anchors having
suture clamping mechanisms have been developed to elimi-
nate the need to tie knots but they still can be difficult or
awkward to use. Thus, it would be desirable to provide
improved knotless suture anchors that are easier to use and
also that may take up less space during deployment and that
are easier to deploy.

In particular, treating musculoskeletal disease in a hip
joint can be especially challenging. The hip joint is a deep
joint surrounded by a blanket of ligaments and tendons that
cover the joint, forming a sealed capsule. The capsule is very
tight thereby making it difficult to advance surgical instru-
ments past the capsule into the joint space. Also, because the
hip joint is a deep joint, delivery of surgical instruments far
into the joint space while still allowing control of the
working portions of the instrument from outside the body
can be challenging. Additionally, the working space in the
joint itself is very small and thus there is little room for
repairing the joint, such as when reattaching a torn labrum
to the acetabular rim. Moreover, when treating a torn
labrum, the suture anchor must be small enough to be
inserted into the healthy rim of bone with adequate purchase,
and the anchor also must be short enough so that it does not
protrude through the bone into the articular surface of the
joint (e.g. the acetabulum). Existing anchors can be too
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large. Thus, it would be desirable to provide suture anchors
that have a small diameter and length.

Additionally, in most surgical procedures, a pilot hole is
drilled at the implantation site prior to screwing in the suture
anchor. In other cases a self-tapping device tip is used to
screw in the device without a pilot hole. Alternatively,
ultrasonic energy has been proposed in embedding bone
anchors in bony tissue without pre-drilling a pilot hole.
These methods of implanting a device in bone tissue, while
commonly used in surgery today, are not optimal. Pre-
drilling a pilot hole prior to placing the device requires the
surgeon to exchange tools through the cannula and to locate
the pilot hole after introducing the implant in the
arthroscopic field. Self-tapping devices are limited to use at
sites with the appropriate thickness of cortical bone. Ultra-
sonic energy based devices are susceptible to large energy
losses with minor changes in device configuration, and rely
on ultrasonic energy sources which can be expensive. There-
fore, there is a need for improved devices, systems and
methods which overcome some of the aforementioned chal-
lenges.

In addition, current arthroscopic devices are limited in
that they generally approach a surgical site in a longitudinal
manner. If it is necessary to implant a bone anchor at an
angle, which is often the case, the current devices do not
fully address the need for an off axis approach. Furthermore,
there is a need for anchors to be compatible with a device
that implants the anchors at an angle off of the longitudinal
axis of the shaft of the driving device. At least some of these
objectives will be met by the inventions described herein-
below.

2. Description of the Background Art

Patents disclosing suture anchoring devices and related
technologies include U.S. Pat. Nos. 7,390,329; 7,309,337,
7,144,415; 7,083,638; 6,986,781; 6,855,157, 6,770,076;
6,656,183; 6,066,160; 6,045,574; 5,810,848; 5,728,136;
5,702,397, 5,683,419; 5,647,874, 5,630,824; 5,601,557,
5,584,835; 5,569,306; 5,520,700, 5,486,197; 5,464,427,
5,417,691; and 5,383,905. Patent publications disclosing
such devices include U.S. Patent Publication Nos. 2009/
0069845 and 2008/0188854 and PCT Publication No. 2008/
054814.

SUMMARY OF THE INVENTION

The present invention provides devices, systems and
method for knotless suturing of tissue. Exemplary proce-
dures where knotless suturing may be advantageous include
repair of torn rotator cuffs, as well as a torn labrum in the
acetabular rim of a hip joint or the glenoid rim in a shoulder
joint.

In a first aspect of the present invention a knotless suture
anchoring system comprises an outer anchor having a cen-
tral channel and a distal tip adapted to penetrate tissue and
an inner anchor positionable in the central channel of the
outer anchor. The system also includes a locking feature on
one or both of the inner and outer anchors and that is
configured to retain the inner anchor within the central
channel. A continuous length of suture is coupled with the
inner and outer anchors and the suture has a free end. At least
one of the inner 